Introduction
Maternal behavior is an important part of efficient beef production. It is so important that the producer usually intervenes to ensure survival of the offspring. The consequence of centuries of this type of intervention has been the removal of natural selection pressures that maintained maternal behavior within narrow limits. Once the forces of natural selection were eliminated by husbandry, the genetic basis for maternal behavior became quite variable. Thus, some cows display a remarkable repertoire of maternal responses at birth, and others show no interest in their offspring, with graduations between the extremes. Temperament score at calving, a reported indicator of this part of maternal ability, was shown to differ among beef breeds in New Zealand, although heritabilities for behavioral traits were generally low (Morris et al., 1994) . Grandin (1998) and Houpt (1998) suggested that postpartum maternal behavior is related to temperament in subsequent phases of production; however, Houpt (1998) stated that our knowledge of the biological basis of maternal behavior is sketchy at best. The objective of this study was to determine the effects of year, breed, age of dam, sex of calf, calf body condition score, and sire of calf within breed and sire of dam within breed on post partum maternal behavior score.
Experimental Procedures
Postpartum maternal behavior scores were recorded for Angus, Charolais, Hereford, Polled Hereford, and Red Poll cows in the herd of the Agricultural Experiment Station, University of Arkansas over a 25-year period. The pedigree of each cow was recorded in the herd book of its respective breed association. The Angus cows consisted of two different biological types: Angus and Heritage Angus. The Heritage Angus was a small breeding group of cows similar to those popular in the 1950s that were retained for experimental observations because they were early-maturing to a small mature size.
Cattle were maintained in Ozark Upland native grass pastures with only containment fences separating the breeding units. The range area provided approximately 3 acres of unimproved open upland and 3 acres of woodland per cow-calf unit. The chief grasses were common bermudagrass (Cynodon dactylon L.[Pers.]), tall fescue (Festuca arundinacca Shreb.), and native annual species. After heifer calves were weaned, they received about 6 lb/d of supplemental concentrate mix (corn and cottonseed meal) in addition to pasture and(or) hay free-choice until grass was available the following spring. Management of heifers was such that prior to 1990 heifers were managed to calve first at 3 years of age, and from 1990 to 1998 they were managed to calve at 2 years of age. Supplemental feeding of cows and 2-year-old heifers was limited to the winter season and consisted of prairie hay and range cubes (American Milling Company, Fayetteville, Ark.; CP = 20%). Supplementary prairie hay and range cubes (fortified with Vitamin A) were fed between December and April in amounts as required to maintain a body condition score of 5 to 6 in the scoring system of 1 to 9 described by Herd and Sprott (1986) . A complete mineral mix was available through out the study period.
Most heifers produced in the breeding groups were retained as replacements. Criteria of selection in breeding groups were established in earlier years, and the primary criterion was reproductive performance (Johnson, 1990) . Cows were checked for pregnancy by rectal palpation when calves were weaned in October. Before 1988 most matings were by natural service in an annual breeding period from May 20 to July 20. After 1988, approximately 20% of the matings were by artificial insemination (AI) and the remainder by natural service. All matings were between cows and bulls of the same breed. Approximately one-third of the natural matings were by bulls originating outside the herd; all other natural matings were by bulls produced within the herd. All bulls were chosen on the basis of performance test records or expected progeny differences (EPDs). No direct selection was practiced for postpartum maternal behavior score in the history of the breed groups studied. Although occasion-
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Postpartum Maternal Behavior Score in Six Breed Groups of Beef Cattle
Maternal behavior scores were determined after parturition. Scores were assigned at the time the handler determined birth weight, calf body condition, and tattooed and ear-tagged each calf. Calf body condition scores were; 1 = fat, 2 = average, 3 = thin. In most cases intervention was after the calf had stood and attempted to nurse. Cows that experienced dystocia were not scored. Each year all scores were determined by one individual (herdsman). The arbitrary scale used for assigning maternal behavior scores is presented in Table 1 . The distribution of cows by breed group and maternal behavior score is presented in Table 2 .
Data for analysis included postpartum maternal behavior scores on 5,447 births involving the progeny of 142 sires and 145 maternal grandsires used over the 25-year period. Data were analyzed by methods of least squares with unequal subclass numbers. Variation in maternal behavior score was partitioned with a model that included terms for an overall mean, year, breed group, age of dam, sex of calf, body condition of calf, sire of calf, and maternal grandsire of calf, and error. The possible interaction effects were found non-significant in a preliminary analysis and deleted from the model used. All analyses were conducted using the general linear model (GLM) procedure of SAS (SAS Inst. Inc., Cary, N.C.). Least squares means were separated using the PDIFF option of the LSMEANS procedure of SAS. Calf survivability was calculated as the percentage of cows that raised a calf from birth to weaning and was tested with a ChiSquare statistic. No empirical data was available to determine when loss occurred.
Results and Discussion
Year, age of dam, calf condition, breed, sire of calf within breed and maternal grandsire of calf within breed were all important (P < 0.0001) sources of variation in postpartum maternal behavior score. Sex of calf was not significant for postpartum maternal behavior score.
Least squares means and standard errors for postpartum maternal behavior score by age of dam are presented in Table 3 . Threeyear-old cows had the highest (P < 0.05) (least favorable) mean numerical postpartum behavior score (2.48 ± 0.03), however, the mean postpartum maternal behavior score of the 3-year-old cows did not differ (P > 0.05) from the postpartum maternal behavior score of the 2-year-old cows (2.41 ± 0.04). Also, there was no difference (P > 0.05) in mean postpartum behavior scores of 4-and 9-year-old cows. Generally there was no difference (P > 0.05) in mean postpartum maternal behavior scores of 5-to 10-year old cows. In a slightly different design, Murphey et al. (1981) found that age was an important factor on investigative behavior with the younger cows being more investigative than their older counterparts. However, Morris et al. (1994) found no differences in temperament scores at calving due to age of dam.
Least squares means and standard errors for postpartum maternal behavior score by body condition score of calf are presented in Table 4 . Cows giving birth to calves with body condition score of three (thin) had the highest (least favorable) (P < 0.05) mean postpartum maternal behavior score (2.31 ± 0.03); conversely, cows giving birth to calves with body condition score of one (fat) had the lowest (most favorable) (P < 0.05) mean postpartum maternal behavior score (2.19 ± 0.03). Cows giving birth to calves in body condition score of two (average) were intermediate (P < 0.05) for mean maternal behavior score (2.24 ± 0.03).
Least squares means and standard errors for postpartum maternal behavior score by breed group are presented in Table 5 . Of the breed groups evaluated, Red Poll cows had the highest (least favorable) mean numerical score (2.51 ± 0.11), but the mean maternal behavior score of Red Poll cow was not different (P > 0.05) from those of the Hereford or Polled Hereford (2.23 ± 0.06 and 2.39 ± 0.08, respectively) breed groups. Angus and Heritage Angus breed groups had the lowest (most favorable) numerical mean value for postpartum maternal behavior score (2.13 ± 0.05 and 2.13 ± 0.10, respectively), but mean maternal behavior scores of these two breed groups did not differ (P > 0.05) from mean maternal behavior scores of the Charolais (2.18 ± 0.09) and Hereford (2.23 ± 0.08) breed groups. Individual animal differences in several measurements of docility have been reported in the Limousin breed (Le Niedre et al., 1995) . Murphey et al. (1980) found no differences in approachability between Charolais and nine other breed types consisting of Bos indicus x Bos Taurus crosses, as well as purebreds of different breed types.
Implications
These data suggest that age of dam, breed group, sire of calf, maternal grandsire of calf and perhaps calf body condition should be considered when evaluating postpartum maternal behavior in selection programs. Other areas need to be explored to determine the effects of temperament on economically important traits. Genetic parameter estimates need also be determined in order to implement these practices into breeding and selection programs. bcd Means with no superscripts in common differ (P < 0.05)
